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Recent results on searches Recent results on searches 
for new Phenomena fromfor new Phenomena from

DDØØ

SuGRA20SuGRA20
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outlineoutline

•• The tools for searches are performing well The tools for searches are performing well 
(e (e �������� identifications, b tagging…)identifications, b tagging…)

•• New Phenomena searchesNew Phenomena searches
-- supersymmetry supersymmetry (jets+(jets+mEmETT, , multileptonmultilepton, GMSB , GMSB ����++mEmETT))
-- Exotics (2Exotics (2ndnd generation generation leptoquarksleptoquarks))
-- Large Extra Dimensions (Large Extra Dimensions (dielectrondielectron//diphotondiphoton, , 

dimuonsdimuons))
•• ConclusionsConclusions
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LuminosityLuminosity and data sampleand data sample

Peak Peak luminosityluminosity
3.7 3.7 x 10x 103131 cmcm--22ss--11

Better than Better than RunIRunI

week

44--6 6 pbpb--11

per week

∫∫L.L.dt dt on tapeon tape for physicsfor physics
~ 50 ~ 50 pbpb--11

(data (data septemberseptember 20022002-- january january 2003)

~0.5 X Run I~0.5 X Run I

2003)

Higher production cross sections :  Higher production cross sections :  1.81.8-->1.96 >1.96 TevTev
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Certification of theCertification of the
identification toolsidentification tools

on SM Physics on SM Physics ……and moreand more
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missing ET electron ET

MT W pT

Dot : Data
Line : MC

W �e� Z ���
DØ RunII Preliminary

Z �ee

QCD

: Data
: MC

Electron and Electron and muon muon identificationidentification

•• W characteristics are represented by MCW characteristics are represented by MC
•• Clear mass peak of Z(Clear mass peak of Z(eeee) and Z() and Z(����))
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Z’ mass limitZ’ mass limit
Assuming SMAssuming SM--like coupling to like coupling to femionsfemions

95% CL upper limit 95% CL upper limit 
MMZ’Z’>620 >620 GevGev

Run I MRun I MZ’Z’ > 690 > 690 GeVGeV

Integrated spectrum Integrated spectrum 
((Mee Mee above that mass)above that mass)
Data (dot)Data (dot) background (line)background (line)
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MMeeee������ ����394 394 GeVGeV

Event with highest Event with highest Mee Mee invariant massinvariant mass
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�� identification identification 

�~ 0~

• �’s are often a significant part of the 
beyond the Standard Model phenomenology
– Trilepton SUSY searches,
– third generation leptoquarks,
– Higgs searches …

• Need a SM channel to study properties
of identification (method, efficiency…)

• 2 searches at DØ are seeing evidence 
for the decay Z � �+�-

– e and hadronic � decays
– � and hadronic � decays

�
�

�
�Br(         )->e,���h
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Z Z �� ��
++
��
--
��ee��hh

Selection :Selection :
–– isolated e  isolated e  ppTT > 15 > 15 GeVGeV;;
–– ����candidate (jet)candidate (jet) ppTT> 7 > 7 GeVGeV
–– MMTT(e(e��) < 60 ) < 60 GeV GeV (suppress W+jets)(suppress W+jets)

–– MMe e �� < 60 < 60 GeV GeV (suppress Z+jets)(suppress Z+jets)

Neural net used to tighten Neural net used to tighten ����ID ID 
(don’t consider 3(don’t consider 3--prong decaysprong decays))

Use like sign distributionUse like sign distribution
as background estimatoras background estimator
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Z Z �� ��
++
��
--
��ee��hh

Data:
Opp sign 49 evts
Like sign 35
Diff        14 � 9
Signal MC norm
to 50 pb-1:

13 � 4

Distribution in invariant �� mass, calculated
using collinear approximation 
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Z Z �� ��
+ + 
��
--
�� ����hh

Selection: Selection: 

––isolated tight isolated tight ��,, ppTT >15>15 GeVGeV

––jet flagged as a jet flagged as a ��

candidate Ecandidate ETT > 7GeV> 7GeV

–– �������� >2.5>2.5
--1 track 1 track ��

�� profile= (profile= (����2 highest E2 highest ETT towers)/towers)/EE��
TT

Enhancement at high profile
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� + jet sample

•• bb--tagging explores IP significance methodtagging explores IP significance method
•• Lepton from Lepton from semileptonicsemileptonic decay of b is very usefuldecay of b is very useful

Positive IP

Negative IP

• Impact Parameter > 0 
�track crosses jet axis after primary vertex

Jet

Jet

track

track

Interaction point

Interaction point

• Impact Parameter < 0 
�track crosses jet axis before primary 

vertex

Significance = IP/�IP

jet
�

pTRel

b enhanced
Resolution

bb--taggingtagging �+jet
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W+jets production  W+jets production  
•• Selection :Selection :

–– W(W(�� ee��) ) 
•• IsolatedIsolated e :e : ppTT > 20> 20 GeV  GeV  
•• ||hh| < 0.8| < 0.8
•• Missing EMissing ET T > 25> 25 GeV GeV 

–– W(W(������))
•• Isolated  Isolated  ��: : ppTT > 25> 25 GeV GeV 
•• ||hh| < 1.5| < 1.5
•• missing Emissing ETT> 20 > 20 GeVGeV

–– JetsJets
•• ppTT > 20 > 20 GeV GeV 
•• ||hh| < 2.5| < 2.5

•• MC: PYTHIAMC: PYTHIA
•• MC normalized with DATA by areaMC normalized with DATA by area
•• Error includes Error includes stat. errorstat. error and and 

dominant dominant systsyst. error. error from Jet Energy from Jet Energy 
ScaleScale

2nd leading jets

1st leading jets

GeV

GeV

W(e�)+jets

QCD bkg

QCD bkg

First step towards study of W(�leptons)H(� bb) decay process

3535 pbpb--11

point : Data
histo : MC
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Z+jets productionZ+jets production
•• Number of jets in Z + jets final statesNumber of jets in Z + jets final states
•• Reconstructed Reconstructed didi--jet mass and jet mass and ��R(=    R(=    ����22 + + ����2  2  ) between j) between j

Di-jet Mass �R between di-jets#jets in Z+jets

Combined Z(ee)+jets and Z(��)+jets
First step towards study of 
Z(�leptons)H(� bb) decay process

3535 pbpb--11
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Search for New PhenomenaSearch for New Phenomena
in Run II Datain Run II Data



SuGRA20. 17-21 March 2003 Gerard SAJOT for the D0 collaboration 16

and    search : Jets +and    search : Jets +mEmETT
•• Standard SUGRAStandard SUGRA
•• SquarkSquark -- gluinogluino pair production (signal was estimated forpair production (signal was estimated for sbottomsbottom

pairs)pairs)
•• Cascade decays end Cascade decays end 

-- in quarks and/or gluons in quarks and/or gluons 
-- LSP (LSP (neutralinoneutralino) escapes detection ) escapes detection 

•• Selection : 2 jets + Selection : 2 jets + mET mET 
Many instrumental background           “cleaning”Many instrumental background           “cleaning”

–– Trigger:Trigger:
•• high high ppTT jet > 65 jet > 65 GeVGeV

–– Offline: Offline: 
•• ppTT of leading jet > 100of leading jet > 100 GeVGeV (insures trigger(insures trigger effeff))
•• mET mET calculated adding all calorimeter towers with E>200 calculated adding all calorimeter towers with E>200 MeVMeV

–– Background estimations: Background estimations: 
•• PYTHIAPYTHIA--generated and fully simulated samples for physics backgrounds (rgenerated and fully simulated samples for physics backgrounds (real eal 

MEMETT), ), 
•• fit to low MEfit to low METT region for QCD background (region for QCD background (mismeasuredmismeasured MEMETT))

~ 4 pb -1

g~

gq
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Jets +Jets +mEmETT

Preliminary results 
PT leading jet > 100 GeV

33

44

66

77

DataData

2.7 2.7 �� 1.7 1.7 ��
0.60.6

5.1 5.1 �� 3.0 3.0 ��
1.01.0

9.5 9.5 �� 5.0 5.0 ��
1.71.7

18.4 18.4 �� 7.9 7.9 
�� 2.72.7

TotalTotal
bkgbkg

2.72.72.0 2.0 �� 1.7 1.7 ��
0.60.6

> > 100100
GeVGeV

3.13.14.2 4.2 �� 3.0 3.0 ��
1.01.0> 90> 90 GeVGeV

3.83.88.5 8.5 �� 5.0 5.0 ��
1.71.7> 80> 80 GeVGeV

4.24.217.4 17.4 �� 7.9 7.9 
�� 2.7 2.7 > 70> 70 GeVGeV

95% CL 95% CL 
�� X X �� ((pbpb))QCD  fitQCD  fit

## evtsevts

MEMETT
binbin
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Views of the highest ET event (180 GeV) 

Jets +Jets +mEmETT
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ee�� inclusive search  inclusive search  
•• Rich discovery potential : modelRich discovery potential : model--independantindependant

•• Low SM background :Low SM background :
WW, WW, ttbarttbar, Z/, Z/��** -->>����

•• Particle ID in D0 improved / Particle ID in D0 improved / RunIRunI

Very simple cuts:Very simple cuts:
1 e 1 e ppTT > 15 > 15 GeVGeV
1 1 �� ppTT >15 >15 GeVGeV

RunRun IIII preliminarypreliminary

Backgrounds :Backgrounds :
-- Instrumental from dataInstrumental from data
-- Physics from simulation Physics from simulation 
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ee�� inclusive search  inclusive search  

RunRun IIII preliminarypreliminary
~30 ~30 pbpb--11

1.11.1�� 0.60.6
�� 2.62.6

00> 45> 45

1.41.4�� 0.60.6

�� 2.62.6
00> 40> 40

1.61.6�� 0.60.6

�� 2.62.6
22> 30> 30

1.91.9�� 0.60.6

�� 2.62.6
33> 25> 25

2.32.3�� 0.60.6
�� 2.62.6

33> 20> 20

3.03.0�� 0.60.6

�� 2.62.6
66> 15> 15

4.64.6�� 0.60.6

�� 2.62.6
77> 10> 10

7.37.3�� 0.60.6

�� 2.62.6
1010>   5>   5

9.6 9.6 �� 0.60.6
�� 2.62.6

1313>   0>   0

TOT BKGTOT BKGDATADATAmEmETT CutCut ~ 50% Z ���

100fb100fb
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Chargino Neutralino Chargino Neutralino in 3 leptonsin 3 leptons
�

�

�
������ �����

~~~~ 0
1

0
21 leepp

�

�

�
������ ������

~~~~ 0
1

0
21 lepp

•• Signal Signal 

2 points in Minimal SUGRA2 points in Minimal SUGRA mm 2m 2m 90 and 125 90 and 125 GeVGeV�

�
�
~ � �0

1
~
�

•• Selection  eel Selection  eel 
1)  At least 2 electrons (leading e 1)  At least 2 electrons (leading e ppTT>15  >15  GeV GeV 

22ndnd ee ppTT>10 >10 GeVGeV))
2)  10<2)  10<MeeMee<70 <70 GeVGeV
3)  M3)  MTT(e,(e,mETmET)>15 )>15 GeVGeV
4) A third isolated track P4) A third isolated track PTT>5 >5 GeVGeV����������3.03.0
5)5) mETmET>15 >15 GeVGeV
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Chargino Neutralino Chargino Neutralino in eelin eel

Data 3 
DY/Z->ee 3.0 ±1.3 
Upsilon->ee 0 ± 0 
W->e�� 0 ± 0 
Z->��� 0 ± 0 
QCD 0.23 ± 0.23 
Total backg 3.2 ± 1.4 

 

 

After cut 1After cut 1

After cut 1 and 2After cut 1 and 2

QCD= misidentified QCD= misidentified e’se’s

RunRun IIII preliminarypreliminary



SuGRA20. 17-21 March 2003 Gerard SAJOT for the D0 collaboration 23

GMSGMSBB

G~~ 0
1 �� �

•• LSP is a light (<< 1eV) LSP is a light (<< 1eV) gravitinogravitino
•• Phenomenology driven by nature of NLSPPhenomenology driven by nature of NLSP
•• ““BinoBino” NLSP : ” NLSP : 

Signature 2 Signature 2 �� + + mETmET

•• Model : “Snowmass Model : “Snowmass slope”slope” (2001 workshop)(2001 workshop)
		 parameter determining scale of SUSY parameter determining scale of SUSY massesmasses
NN numbernumber of of messengermessengers  s  ((--> > N=1N=1))
MMmm mmessengeressenger mmass scalass scalee ((--> > MMmm=2 =2 		))
tan tan 

 ratio of v.e.v. of ratio of v.e.v. of thethe 2 2 higgshiggs doubletsdoublets (at EW scale) (at EW scale) ((--> > tan tan 

 =15)=15)
signsign((��)) signsign of of higgsinohiggsino mass term mass term ((--> > �� > 0> 0))
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•• CutsCuts ::
pTpT

��
> 20 > 20 GeVGeV, , tracktrack vetoveto

����(Jet,mE(Jet,mETT))<2<2.5.5, , ���
�
���
�


MM
����
�� 8080--102 102 GeVGeV, , �� pointingpointing

•• BackgroundBackground ::
•• True True mEmETT

WW��,,WjWj,,ZeeZee,tt,,tt,
WW,WZWW,WZ……

•• InstrumentalInstrumental
QCDQCD, , 
DrellDrell--YanYan……

GMSB :GMSB : ���� + + mmEETT
m ET distribution of 2 � events   

- points : data
- hist : QCD background    

normalized at mET<20 GeV

DØ Run II Preliminary

mEmETT
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GMSB :GMSB : ���� + + mmEETT

95% CL on � : 51TeV
Equivalent limit on
m (LSP) = 66 GeV

Close to Run I limits!
Theory =Theory =
“Snowmass“Snowmass
Slope”Slope”
M=2M=2��
NN55=1=1
tantan��=15=15
��>0>0
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LLeptoquarks  eptoquarks  
• Particles coupled  to quarks and fermions
• Carry both lepton and color quantum numbers
• Predicted in extended gauge sectors and composite models

Gluon splitting 
dominant at Tevatron

Present search 
Second generation LQ

(��jj)
Assuming �=1 
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•• Event selection : Event selection : 2 isolated � pT>15 GeV opposite sign

2 jets ET>20 GeV 

M
��

>110

•• Background : Background : DrellDrell--YanYan/Z, /Z, ttbarttbar, WW, WW

RunRun IIII preliminarypreliminary (~30(~30 pbpb--11))
MLQ2>157 GeV

RunI (100 pb-1) MLQ2>200 GeV

2nd generation 2nd generation LLQ in Q in ����+2jets+2jets
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Search for Search for LLargearge Extra DimensionsExtra Dimensions
• Assume :

- SM particles confined in 3D-brane
- gravity propagates in extra-dimensions

• Look for :
excess of high mass dielectron, diphoton events over SM 
expectation, from coupling to KK gravitons

2
int

2

cosM GKKGSM fff
dd
d

��
�

�
���

4F �

� SG M�where

•• Studies in the Studies in the didi--EM (eEM (e������ and and didi--�� channelschannels
•• Two variablesTwo variables

–– Invariant massInvariant mass
–– Cos Cos ��* ( where * ( where ��*= scattering angle in the rest frame )*= scattering angle in the rest frame )
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LLED in the ED in the eeee//���� channel channel 
•• Event selection :Event selection :

–– 2 electromagnetic objects (e/2 electromagnetic objects (e/���� EETT> 25 > 25 GeV  GeV  
–– mEmETT< 25 < 25 GeV GeV 

•• Background :Background :
–– DrellDrell--YanYan, Direct , Direct ������ production ( from MC)production ( from MC)
–– EM EM mismis--identification (from dataidentification (from data))
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LLED in the ED in the ������channel  channel  
••Event selection :Event selection :

–– 2 2 �� ppTT> 15 > 15 GeVGeV,  ,  mm
����
> 40 > 40 GeVGeV
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•• Fit the distributions in the Fit the distributions in the MMinvinv--coscos��* plane to determine the* plane to determine the
value ofvalue of ��GG (expected to be zero in SM)(expected to be zero in SM)

•• Translate 95% CL upper limits on Translate 95% CL upper limits on ��GG to 95% CL to 95% CL lower lower limits on limits on 
MMSS, the fundamental Planck scale (in , the fundamental Planck scale (in TeVTeV))

       Formalism     GRW HLZ for n=: 
2              7 

Hewett �= 1

di-EM (~50 pb-1)     1.12 1.16    0.89        1.00 

di-MU (~30 pb-1)     0.79 0.68    0.63        0.71 
 

 

->di-EM limit close to Run I
->di-MU limit new channel

Both similar to individual LEP limits

LLED preliminary results  ED preliminary results  
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ConclusionConclusionss

•• D0D0 continues to search for many different signaturescontinues to search for many different signatures
for new physics.for new physics.

•• The effects of increased centerThe effects of increased center--ofof--mass energy mass energy 
and an improved detector can now be seen inand an improved detector can now be seen in
improved sensitivity (compared to Run I).improved sensitivity (compared to Run I).

•• We anticipate with excitement the rise of theWe anticipate with excitement the rise of the
discovery potential as Run II ‘s dataset accumulates. discovery potential as Run II ‘s dataset accumulates. 
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backupbackup
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DDØØ upgradeupgrade/status/status

D0 still commissioning central track        D0 still commissioning central track        
and displaced vertex triggerand displaced vertex trigger

D0 upgradeD0 upgrade
-- trackingtracking

Silicon vertexSilicon vertex
FiberFiber trackertracker

-- solsoleenoid noid 
2 T magnetic field2 T magnetic field

-- PreshowerPreshower
-- MuonsMuons detectordetector
-- EElectronicslectronics
-- Trigger systemTrigger system
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Z Z �� ��
+ + 
��
--
�� ����hh

Selection: Selection: 
–– isolated tight isolated tight ��, , ppTT > 7GeV> 7GeV
–– jet flagged as a jet flagged as a 
�� �� candidate Ecandidate ETT > 7GeV> 7GeV
–– �������� >0.4>0.4

DØ Run II Preliminary
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Isolation = Energy of trks,
excl tau trk, in 0.7 cone
Profile = E twr(1+2)/Etot

Plot isolation vs profile:

Enhancement at high profile

Opposite sign data

Like sign data Z Z �� ��
++
��

--

Monte Carlo

Z Z �� ��
+ + 
��
--
�� ����hh
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LLED in ED in MonojetMonojet ++mEmETT
•• Search for Real Graviton emissionSearch for Real Graviton emission

–– First analysis in jet + First analysis in jet + mEmET   T   

–– LEP and CDF : LEP and CDF : ��������mEmETT

•• Background Background 
–– ZZ		



��������W, QCDW, QCD

ee **

RunI 
94-96 data

0.9 TeV

0.6 TeV

VV
))
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